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Reiko Yoroi* : Gametophyte and apogamous embryo of Crept - 
domanes latemarginale from Isl. Ishigaki, Ryukyu** 
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Introduction: Crepidoman.es latemarginale (Eaton) Copel. (Philip. Journ. 
Sci. 67 : 60, 1938) is a small epiphytic fern growing on wet rocks in valleys 
in the Ryukyus, Formosa to India. 

Since Bower (1888), apogamous growth in the Hymenophyllaceae has 
been described on several species by a few workers. The embryological 
information in the family was very poor, including the recent work of 
Bierhorst (1975). 

In this paper, an account will be given on this species as to the deve¬ 
lopmental morphology in the gametophyte, and the embryology in the spo- 
rophyte with the chromosomal data. 

Materials and Methods: The fertile fronds of Crepidomanes latemarginale 
were collected in April 1973 by the author on Mt. Fukaiomoto-dake, Isl. 
Ishigaki, Okinawa Pref. Voucher specimens (Yoroi #5140) are deposited 
in the Herbaria of Tokyo Kyoiku University, Kyoto University, and Uni¬ 
versity of Tokyo. The fertile fronds were washed with tap water, and the 
sporangia were removed from them to keep in the clean drag-papers, where 
the spores were shed. They were preserved in a refrigerator after being 
dried for several hours in the shade. 

The spores were sown on the medium with inorganic nutrient in the 
Petri-dishes. The medium was Meyer’s solution solidified with 0.8% agar. 
The dishes were placed in a culture box kept at 23-25°C under 12 hours' 
illumination a day with white fluorescent tubes at 300-1000 lux. The spores 
were also sown on sterilized soil in the small flower-pots, which were placed 
in a greenhouse for the long-term culture. 

Apogamous embryos were fixed with Craf I (Sass, 1958), embedded in 

Tokyo. 
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Fig. A. Germination of spores and young gametophytes. 1-10, x86; 11, x29. 1. Spore. 2-3. 

16 days after sowing. 2. Basal cell. 3. Swollen basal cell with a spo e coat. 4-5. 3 weeks. 
4. First prothallial cell protruding. 5. First rhizoidal cell protruding. 6-8. One month. 6. 
Basal cell producing a prothallial cell and a rhizoidal cell. 7. Basal cell with two prothallial 
filaments and a rhizoid. 8. Basal cell with three filaments and a rhizoid. 9-10. One and 
a half month. 9. Basal cell with three filaments and a branched rhizoid. 10. Basal cell with 
five filaments. 11. Six and a half months. A prothallium with branched filaments and rhi- 
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paraffin, sectioned at 8 by the microtome, and stained with Delafield’s 
hematoxylin. The somatic chromosome numbers were counted in the young 
frond-tips with the usual squash method as follows. The tips were immersed 
in 0.003 M 8-Hydroxyquinoline, fixed in Newcomer’s solution, and hydrolized 
in IN Hydrochloric acid and stained with acetocarmine. Photographs and 
camera-lucida drawings were made on the microtome sections of both game- 
tophyte and sporophyte, including those of somatic chromosomes. 

Observation: The spores are green, tetrahedral-globose in shape with 
three ridges of laesulae on the spore coat (Fig. A-l). The exine is thin 
and spiny. Usually, a sporangium contains 32 spores. The average diameter 
of the spores is about 50 /,<m. 

When the exine splits at the laesulae as the spore swells, a cushion-like 
•cell (basal cell) protrudes out of it (Fig. A-2). The cell has three obtuse 
-corners directed to the former side-walls of the spore-coat and, in addition, 
a more obtuse corner directed to the former basal wall (Fig. A-3). The 
-cell is chlorophyllous. The formation of the basal cell takes place within 
seven days after sowing. The fully swollen basal cell is two to three times 
as large as the original spore, but much smaller as compared with the other 
previously reported species of the family. 

In about a dozen days after sowing, one of the four corners of the basal 
-cell for the first time cuts off a prothallial cell (Fig. A-4). When the pro¬ 
thallial cell develops into a short prothallial filament with two or more 
cells by transverse wall formation, the second and the third prothallial cells 
begin to arise from the remaining three corners of the basal cell (Figs. A- 
6, 7, 8, 9, 10). At the corner directed to the former basal wall above men¬ 
tioned, however, the development of the prothallial cell is much less fre¬ 
quent. Transformation to the rhizoidal cell is only recognized by the 
-disappearance of the chloroplasts included in the distal cell of the prothallial 
filament. As to the filament directed to the basal wall, formation of the 
rhizoid is more frequent than the others (Fig. A-5). A new branch is often 
produced , at the tip of the rhizoids without the wall-formation (Figs. A-7, 
9). The prothallial cells often produce the lateral branch which may meta¬ 
morphose to be the rhizoid. 

Within six months, the profusely branched prothallium seems roughly 
to be a sphere of about 2 mm in diameter with the radially emitting fila- 
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ments and rhizoids in all directions, some of them being penetrated into 
the substratum (Fig. A-ll). The cells in the filaments show variously 
shaped barrel-form and contain much less chloroplasts than the basal cell. 



Fig. B. “ Archegoniophores ” and embryos. 1-4, 6a, 7a, x240 ; 5a, 8a, X165; 5b, 8b, x41; 6b, 7b, 
x60. 1-3. 15 months after sowing. 1. “ Archegoniophore ”. 2. “ Archegoniophore ” with 

longitudinal cell divisions. 3. “ Archegoniophore ” on the midway of filament. 4. 16 months. 
Early stage of embryo. 5-8. Figures 5a-8a are magnified pictures of some parts of figures 
5b-8b. 5. Embryo with a hair. 6. Embryo with hairs. 7. Embryo with two rhizoids. 8. 

Embryo with hairs and rhizoids. h, hair, r, rhizoid. 
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No longitudial cell division occurs in the filaments until the formation of 
embryos. As far as the author concerns, there are, on the filaments, no 
formation of antheridia, nor archegonia, nor gemmae within thirty-three 
months’ cultivation. 

In fifteen months’ culture, the first oblique cell wall formation takes 
place on the prothallial filament. By the repeated oblique wall-formations, 
an apical cell is produced for the first time, as is shown in the formation 
of archegoniophores of Crepidomanes bilabiatum (N. and BI.) Copel. (Stokey, 
1948) and Gonocormus minutus (BI.) v. d. B. (Yoroi, 1972). The apical cell 
functions for rather a short time, then loses its activity, resulting in the 
formation of a mass of cells of the same nature with the prothallial cells 
explained above (Figs. B-l, 2, 3). This mass of cells may be called arche- 
goniophore, but it is slightly different from true archegoniophore in that no 
archegonium is actually formed on it. The author, hereafter, will use the 
term, "archegoniophore” with quatation mark as such. The “archegonio¬ 
phore” is usually found at the distal end of the short lateral filament at 
the basal portion of the mother filament, or rarely at the midway on it. 
The “ archegoniophore ” gives rise apogamously to a young embryo. The 
author found several cases in which the intercalary longitudinal wall for¬ 
mation is observed as shown in Fig. B-2. The future development of this 
pattern is not worked out, but the resultant may be presumed to take the 
shape as shown in Fig. B-8. Figure B-4 shows external view of a younger 
embryo with the distal portion of the filament at its base. Figures C-l and 
2 show slightly oblique microtome cross sections of the young embryos with 
or without the small portion of the filament attached to it. The first which 
becomes discernible in longitudinal section of “ archegoniophore ” in its ear¬ 
liest development is a single apical cell, which is expected to develop into 
the first frond. The first frond is later accompanied by increasing number 
of the bicellular hairs (Figs. B-5, 6). Naturally, the first frond is formed 
at the distal end of the embryo, while the first rhizoid of the frond comes 
from near the proximal portion (Figs. B-7, C-3, D-l, 2). The rhizoid thus 
formed becomes coloured with pale brown and finally with brown. Three 
longitudinal serial sections in Fig. C-3 show a matured embryo with the 
apical cell of the first frond and procambial initials of the rhizome. The root 
is not recognized at all. Figures D-3 and 4 are external views of mature 
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Fig. C. Sections of embryos. xl70. 1. Two sections of younger embryo with a rhizoid at 
its base, r, rhizoid. a (and arrow), apical cell. 2. Two sections of young embryo. 3. 


Three sections of embryo attached to the prothallial filament, h, hair. 


embryos, showing the earlier stages of the rhizomes and the young fronds,, 
with numerous rhizoids emitting from the whole length of the young plant. 
In figure D-6 the first frond attaining about 3 mm in length is presented, 
showing the distinct stipe and the lamina with the expanding wings of uni¬ 
cellular layer. The earlier stage of the first frond is shown in Fig. D-5. In 
rarer case, bifurcate hairs composed of three-cells are produced on the surface 
of the midrib (Fig. D-9). In this stage, numerous rhizoids arise from the 
lamina including the midrib. Occasionally, the tip of the midrib protrudes 
forwards to form a new rhizome which again develops into the lamina 
(Figs. D-7, 8). 
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Fig. D. Embryos and the first fronds. 1-2, x87; 3-4, x44; 5, x32; 6-8, xl8; 9, x90. 1. Young 
embryo. 2. Old embryo. 3-4. Matured embryo. 5. Early stage of the first frond. 6. First 
frond with rhizoids on both lamina and midrib. 7. Tip of midrib protruding rhizomes 
and fronds. 8. Tip of midrib protruding a rhizome. 9. Bifurcate hair on the midrib. 







Fig. E. Somatic chromosomes. 2n=ca. 108. 


The somatic chromosome number of approximately 2n = 108 has been 
confirmed for this species (Fig. E). 

Discussion: The type of spore germination in this species corresponds 
to “ Trichomanes- type” according to Nayar and Kaur (1971), and to “Type 
I p ” and “ I r ” of the author (1972). The gametophyte is of the type as 
usual in the other Trichomanoid ferns, but in this species no gemmae nor 
ribbon-like plates are discovered (Mettenius, 1864 ; Bower, 1888 ; Goebel, 1892; 
Stokey, 1940; Stone, 1958; Farrar and Wagner, 1968; Yoroi, 1972). If suppres¬ 
sion occurs on the rhizoidal cell which may directly develop from any of 
the four corners of the basal cell, later development of the prothallial fila¬ 
ments are straightly directed, keeping the angle of 120 degree regularly 
between them. However, such a case is rarer. The usual case for this 
species is that the rhizoidal cell develops in earlier stage, and the aforesaid 
filaments take irregular disposition. The irregularity stated above are also 
observed in Vandenboschia radicans (Sw.) Copel. var. orientale (C. Chr.) H. 
Ito and V. auriculata (Bl.) Copel. (In Yoroi 1972, the first species is denoted 
simply as V. radicans). In the species concerned, however, the shape of 
cells and their inclusion are rather allied to those of Trichomanoid ferns, 
such as Crepidomanes insigne (v. d. B.) Fu and Gonocormus minutus (1. c.). 
In these species, the earlier development from the spore is quite regular. 
The irregularity and regularity mentioned above owes, the author considers, 
mainly to the specific nature of spores in those species, notwithstanding the 
influence from the laboratory condition. 
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The apogamous embryo has been commonly observed in numerous fern 
species (Farlow, 1874; Dopp, 1932; Whittier, 1962; Kanamori, 1972; etc.). But 
its successional development has only poorly described in the Hymenophyl- 
laceae (Bower, 1888; Georgevitch, 1910;Stokey, 1948; Bierhorst, 1975). In Cre- 
pidomanes latemarginale, the young sporophyte developed from the “ arche- 
goniophore ” was manifestly observed by the author, but the formation of 
sex organs has never been observed after about three years’ culture. In 
pteridophyte, generally speaking, the apogamy takes place on the cushion, 
that is to say, multicellular layered portion of the plate-like gametophyte. 
In the Hymenophyllaceae, however, as there is no such portion, the arche- 
goniophore plays a role in place of the cushion. In this species, as far as 
the author has observed, no archegonium is formed on the “ archegonio- 
phore ”. In Vandenboschia auriculata, Stokey (1948) reported the similar 
“ archegoniophore ”, which in one case, produces archegonia and in another 
case does not. Bierhorst also reported an example of the apogamous de¬ 
velopment of the sporophyte in Trichomanes £s. lat.J pinnatum Hedw., in 
which archegoniophore produced archegonia. In his case, sporophyte arises 
de novo from the archegonial jacket. In the author’s case, the problem is 
quite different. New shoot of sporophyte is produced directly from the 
mass of cells which constitutes the “archegoniophore”. Consequently, the 
sporophyte develops much more rapidly than in the case of the other Tri- 
chomanoid ferns. 

Considering the developmental morphology of both gametophyte and 
sporophyte, the average number of spores in the sporangium, and the basic 
chromosome number X = 36 (Mitui 1968) in this genus, the plant collected 
by the author is considered to be an obligate apogamous triploid. 

In the gross morphology, the herbarium specimens of Crepidomanes late¬ 
marginale (Eaton) Copel. collected by Tagawa and Iwatsuki #4830 on Isl. 
Ishigaki under the name of C. intramarginale (H. and G.) Copel. seem some¬ 
what different from those of other localities (China and Thailand). The 
specimen collected by the author on the same island coincides quite well 
with Tagawa and Iwatsuki’s. 

Finally, the author takes note to the fact that in this species the organs 
such as the rhizome and the frond are less differentiated from each other, 
compared with those of the other species of the same family. This fact 
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might be attributed mainly to the environment in which this species lives; 
for example, extremely moist aerial or watery condition. 
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